ABSTRACT
Introduction
The clinical term of temporomandibular disorder (TM-D) refers to signs and symptoms that influence the temporomandibular joint (TMJ), masticatory muscles, and related structures. [1] Etiologic factors include parafunctional habits, as well as psychological and occlusal factors. [2] [3] Patients with TMD suffer from orofacial pain, muscle tenderness, joint noises, limited mandibular movements, pain in TMJ, headache, and tinnitus. [4] [5] Diagnosis of TMD is based on clinical examination, history, and other methods such as questionnaires (research diagnostic criteria for TMD). Yet, clinical examination is the main part of TMD diagnosis. It consists of measurement of mandibular movements with digital caliper, palpation of masticatory muscles and TMJ and the use of the stethoscope to assess the joint noises. [6] Although both surgical and non-surgical treatments are employed to manage TMD, the non-surgical route is the first and main part. It consists of pharmacological therapy such as non-steroidal antiinflammatory drugs (NSAIDs), antidepressants, and muscle relaxants. The second part includes occlusal and physical therapy such as low-level laser therapy (LLLT), transcutaneous electrical nerve stimulation (TENS) and ultrasound. [7] [8] [9] TENS is one of the safest and most inexpensive modalities that are used to control both chronic and acute pain. [10] [11] According to the gate control theory, the modulation of pain perception induced by TENS is attributed to the recruitment of A β afferent fibers in the posterior horn of the spinal cord which would prevent the activation of the pain conducted in thin fiber. Electrical stimulation inhibits the transmission of painful impulses through the spinal cord and stimulates the release of endogenous opioid by the brain. [12] LLLT is used in different fields of medicine like dermatology and physical therapy. [13] It reduces histamine, PGE2 and substance P in the posterior horn of the spinal cord. It also elevates the level of acetylcholinesterase, lymphatic drainage, adenosine triphosphate, and beta-endorphin. That is the reason why this modality is suggested for chronic and acute pain reduction. [14] Different studies used LLLT for TMD management. Cetiner et al. [15] Shirani et al. [16] and Carvalho et al. [9] used LLLT in TMD patients and reported positive effects especially in pain reduction. In contrast, some studies did not show any significant result. [7, 17] Having compared the TENS and pharmacological therapy, Shanavas et al. justified the use of TENS therapy as an adjuvant modality in controlling the pain associated with TMD. [18] A number of studies compared the effects of LLLT and TENS on patient with TMD. Nunez et al. [19] concluded that LLLT was more effective than TENS in improving the maximum vertical jaw opening.
However, Keto et al. [20] showed both therapies to be effective in decreasing the symptoms of patients with TMD. Regarding the limited number of studies on the issue and absence of any similar study on drug-resistant patients, the current study aimed to compare the effects of TENS and LLLT on treatment of drug-resistant TMD patients. 
Materials and Method

Results
Out of 45 patients, 19 in the TENS and 15 in LLLT
group completed the course of treatment. Table 1 represents the demographic data of patients of the two groups. Both groups were similar concerning the mean age and gender (p= 0.79 and p= 0.21, respectively). The pre-treatment Helkimo index was 12.20 in LLLT and 11.2 in TENS group, indicating no significant difference between the two groups (p= 0.39). This index decreased significantly in both groups after the treatment (p< 0.001) ( Table 2) ; However, the difference between the two methods was not significant (p= 0.17) (Table 3) . According to Figure 1 , the TENS method decreased the pain more rapidly than LLLT. The pain decreased significantly in the TENS group from the second session on (p= 0.016); whereas, in the LLLT group, significant decreased was noticed from the third session on (p= 0.007).
Figure 1: Comparison of VAS between LLLT and TENS group
Discussion
The present study compared the LLLT and TENS in TMD patients who did not respond to pharmacological treatments. Both methods significantly reduced the VAS and Helkimo index. Our result was similar to some previous studies [9, 15, [23] [24] [25] but different from those that reported no significant positive effect. [7, 17] Such difference may be due to the sample selection and treatment protocol.
This study found no significant differences be- [20] and Nunez et al. [19] Meanwhile, our findings proved the TENS method to be more effective than LLLT in reducing the pain in follow-ups. It was inconsistent with Nunez et al.'s [19] findings, which reported the LLLT to be more effective than TENS. It may be due to the laser technical differences such as type of the device, power density, or length of the treatment. Furthermore, in Nunez's study, [19] the patients were evaluated only by their maximum opening score, while, we used a more precise clinical index (Helkimo index) and VAS for pain assessment.
The current study also found that the TENS reduced pain more rapidly than LLLT (after only two sessions). This effect might result from the delayed effect of laser therapy. The patient does not feel anything during LLLT, whereas, TENS creates a minor electrical shock. Therefore, the psychological effect of treatment may contribute to the better result of TENS on pain reduction.
In this study, we evaluated the effects of these two methods on patients who did not respond to pharmacological treatments. To the best of our knowledge, there existed no similar study on drug-resistant TMD patients. During the treatment course in this study, the patients did not use anti-inflammatory drugs; thus, the pain reduction effect of LLLT and TENS was evaluated per se. However, co-intervention by antiinflammatory drugs was avoided only in some trials.
[26] Moreover, selection of this group of patients eliminated the analgesic and muscle spasm effect of medicine, as well.
The equal number of sessions in both groups allowed comparing the effect of these methods in clinically similar situations, whereas, majority of trials continued the treatment for more sessions. [8] [9] [27] [28] It can be declared that the longer duration for LLLT may better control the pain. Nonetheless, it is rational that shorter treatment course with desirable effect increases the cooperation of patients and is clinically more applicable.
Concerning the age and gender of patients with TMD, our results were consistent with those of previous studies; i.e., TMD was more prevalent in females aged 20-40 years old. [29] [30] In the present study, Helkimo index and VAS were measured in both groups, while most other studies measured only VAS or jaw movements. [8, 16, 19, 31] Helkimo index evaluated the jaw movements, muscle tenderness and TMJ sounds, a comprehensive index involved many criteria. The results of Kulekcioglu's study [30] showed that the pain (subjective criteria) reduced in both placebo and laser group in TMD patients; however, mouth opening (objective criteria) improved only in laser group. Therefore, in the current study, both objective (Helkimo index) and subjective (VAS) parameters were evaluated to rule out the psychological effects of treatments.
VAS decreased in LLLT group during the treatment similar to other studies. [9, [15] [16] 31] In followups, the VAS decreased significantly until 8 weeks. A similar study with the same result followed up the patients for 3 weeks, [26] but in the present study, the patients were followed up longer.
Generally, some patients may need further modalities such as occlusal splint. Moreover, painful and tender muscles delay the beginning of treatment. Application of TENS and LLLT can increase the patient's cooperation and satisfaction.
Overall, this study found no significant difference between the two modalities, although TENS caused pain reduction to occur more rapid and persist longer, as well. Many of the current patients responded to pharmacological treatments; thus, the sample size was small. Results that are more reliable can be obtained through replication of these findings in a ran- 
Conclusion
With respect to the results of this study, it can be concluded that the use of TENS and LLLT is effective in TMD patients; so, they can be used as adjuvant therapy. In the present study, TENS caused a more rapid and long-lasting pain reduction. Longer administration of LLLT may be more effective in pain control, particularly during the follow-up period.
